Despite studies showing the relevance of different decision-making abilities, including response inhibition, to likelihood of using substances during adolescence, few have examined these neural processes among high-risk, substance-using youth. The current study explored associations between alcohol and marijuana use and functional activation differences during Stroop performance among a large sample (N¼ 80) of ethnically-diverse, high-risk youth in an fMRI-based task. In the absence of associations between substance use and task behavioral performance, adolescents with greater alcohol use showed less activation during the more cognitively difficult portion of the task across clusters in bilateral cuneus and precuneus, and right and left superior temporal gyrus. No associations were observed with marijuana use. The current results may suggest neural patterns of deactivation in regions important for cognitive control, such that alcohol use may confer additional risk for future decreased inhibition among these high-risk adolescents. The ability to inhibit prepotent responses has been shown to predict later response to treatment, and early interventions to encourage further development of cognitive control could represent promising options for treatment.
Adolescence Alcohol use Marijuana use FMRI Stroop a b s t r a c t
Despite studies showing the relevance of different decision-making abilities, including response inhibition, to likelihood of using substances during adolescence, few have examined these neural processes among high-risk, substance-using youth. The current study explored associations between alcohol and marijuana use and functional activation differences during Stroop performance among a large sample (N¼ 80) of ethnically-diverse, high-risk youth in an fMRI-based task. In the absence of associations between substance use and task behavioral performance, adolescents with greater alcohol use showed less activation during the more cognitively difficult portion of the task across clusters in bilateral cuneus and precuneus, and right and left superior temporal gyrus. No associations were observed with marijuana use. The current results may suggest neural patterns of deactivation in regions important for cognitive control, such that alcohol use may confer additional risk for future decreased inhibition among these high-risk adolescents. The ability to inhibit prepotent responses has been shown to predict later response to treatment, and early interventions to encourage further development of cognitive control could represent promising options for treatment.
& 2015 Elsevier Ireland Ltd. All rights reserved.
Introduction
Alcohol is the most widely used substance among teenagers, with two thirds of students reporting having consumed alcohol by the end of high school, while about one third of 10th and 12th grade students report having used marijuana within the last 12 months (Johnston et al., 2015) . Even relatively modest levels of alcohol and marijuana use during adolescence may alter normal neural development (Tapert et al., 2007) . These disruptions may have functional implications for the development and organization of critical neuronal networks in the brain, particularly complex frontolimbic connections related to self-control and decisionmaking that continue to develop throughout adolescence (Casey, 2015) . Adolescents appear to be more sensitive to environmental cues than children or adults and less reactive to potentially threatening situations, which encourages healthy exploration (Casey, 2015) . While much exploration is normative in adolescence, variability in executive function and decision-making processes (e.g., learning to balance consideration of both rewarding and negative consequences) is crucial in understanding the risk for negative consequences arising from exploratory behavior. Response inhibition is an important facet of the larger construct of executive functioning and may play a key role in determining an adolescent's likelihood of engaging in risky substance-related behavior. For example, in a large longitudinal study, poor performance on behavioral measures of response inhibition during early and mid adolescence predicted later problematic drinking and illicit drug use, even after controlling for other common contributing factors such as parental substance abuse (Nigg et al., 2006) . Further, greater appetite for reward and a diminished aversion to punishment has been shown to predict the frequency, quantity, and age of first substance use (Pardo et al., 2007) , while impulsive sensation seeking is associated with increased consumption of both alcohol and marijuana in adolescence (Kong et al., 2013) .
The Stroop paradigm is a useful measure of response inhibition, in addition to other cognitive demands (e.g., conflict monitoring; Silveri et al., 2011) , and has been adapted for neuroimaging, although few have used the Stroop task with substance-using adolescents. In general, increasing age across childhood into young adulthood is associated with improved task performance and Contents lists available at ScienceDirect journal homepage: www.elsevier.com/locate/psychresns
